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Sorbitol transport in rat renal inner medullary interstitial cells
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Sorbitol transport in rat renal inner medullary interstitial cells. Intracellular sorbitol content of inner medullary col-
Background. Sorbitol plays an important role in renal os- lecting duct (IMCD) cells varies with the sorbitol synthe-
moregulation. In the rat renal inner medulla sorbitol synthesis sis and/or the membrane permeability [3–6]. A decreaseand sorbitol degradation are located in different cell types.
in extracellular osmolarity is followed by a rapid increaseWhereas sorbitol synthesis can be detected in the inner medul-
in sorbitol permeability via the sorbitol permease [7].lary collecting duct cells, sorbitol degradation takes place in
the interstitial cells. Therefore, one can speculate that the co- Sorbitol is synthesized from d-glucose in the presence
operation between epithelial and interstitial cells requires sor- of aldose reductase, whereas the degradation of sorbitol
bitol transport into interstitial cells. to fructose is catalyzed by sorbitol dehydrogenase, ac-Methods. Our studies were performed with an interstitial
cording to the following stoichiometric conditions.cell line derived from the renal inner medulla of Wistar rats.
These cells have typical characteristics of renal fibroblasts. In d-glucose  NADPH  H ⇔ d-sorbitol  NADPaddition, they possess a high activity of sorbitol dehydrogenase
(Eq. 1)as determined in vivo. Uptake was measured by liquid scintilla-
tion counting. For studies on sorbitol metabolism sorbitol con- d-sorbitol  NAD ⇔ d-fructose  NADH  Hcentration was measured photometrically.
(Eq. 2)Results. The results show that sorbitol transport into inter-
stitial cells occurs via a yet to be described transport system. This two-step conversion of glucose to fructose is calledNo saturation of sorbitol transport could be found up to an
the sorbitol or polyol pathway. The aldose reductaseextracellular sorbitol concentration of 80 mmol/L. The trans-
activity is lowest in cortex and highest in the inner me-port was neither sodium nor chloride dependent. Trans-stimu-
lation increased the sorbitol uptake. Sorbitol uptake was less dulla, the distribution of sorbitol dehydrogenase activity
inhibited by cytochalasin B than 2-deoxy-d-glucose uptake. has been reported to be the opposite [4, 8]. However,
The transport showed a high affinity for sorbitol and only little is known about the distribution of these two en-little inhibition of sorbitol uptake by substances with a similar
zymes in different renal cell types within the renal innerstructure was observed.
medulla. Although low sorbitol dehydrogenase activityConclusions. Our results show a new sorbitol transport sys-
tem in renal inner medullary interstitial cells, which is rather could be demonstrated in microdissected collecting duct
different from the described sorbitol permease in renal epithe- cells of the renal inner medulla [8], no physiologically
lial cells and from glucose transporters of the GLUT- and significant sorbitol degradation has been detected so farSGLT-family.
[9, 10]. Further investigations showed that enzyme activi-
ties and sorbitol content in the rat inner renal medulla
are regulated osmotically. The enzymatic activities of
In mammalian renal epithelial cells several organic
aldose reductase were found to be located primarily in
molecules help to maintain the osmotic balance. These
IMCD cells, whereas enzymatic activities of sorbitol de-
“organic osmolytes” are divided into three broad classes:
hydrogenase were located in interstitial cells [11]. IMCD
polyols (such as sorbitol), amino acids (such as taurine,
cells release sorbitol on the basolateral side [10], which
proline, and alanine) and methylamines (such as betaine
hints at a co-operation of interstitial and epithelial cells
and glycerophosphorylcholine) [1, 2].
with regard to the sorbitol pathway. It was proposed
earlier that sorbitol is released from the basolateral side
of IMCD cells into the interstitial space and might beKey words: sorbitol metabolism, osmoregulation, renal interstitial
cells, inner medulla, polyol pathway, renal fibroblasts. accumulated into the interstitial cells [11].
This study describes a new sorbitol transport system
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in rat renal inner medullary interstitial cells, which isand in revised form November 26, 2001
Accepted for publication November 27, 2001 rather different from the sorbitol permease in renal epi-
thelial cells and all known glucose transporters. 2002 by the International Society of Nephrology
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METHODS cells were detached using a trypsin/ethylenediaminetet-
raacetic acid (EDTA) solution, suspended in the ac-Cell line
cording HEPES-Ringer buffer and preincubated for 15The cells were derived from the renal inner medulla
minutes with 3H2O (Du Pont de Nemours, Bad Hom-of male Wistar rats as reported previously [12]. They
burg, Germany) at 37C in a water bath. After this pre-spontaneously immortalized while cultured in the me-
incubation the cells were completely equilibrated withdium described below and had typical characteristics of
3H2O. Sorbitol transport measurement started with theinner medullary renal interstitial cells. For instance, they
addition of 14C-sorbitol (Amersham Buchler, Braun-were extensively branched and contained lipid droplets.
schweig, Germany) to the cell solution. The incubationImmunhistochemically they could be identified by their
was terminated at the appropriate times by spinning thepositivity for the lectin BSL-1 and negativity for endo-
cells for 15 seconds at 14,000  g through a silicone-oilthelin markers (such as, factor VIII-related antigen) [12].
mixture (Wacker Chemie, Munich, Germany). The oilsThey are vimentin positive and cytokeratin negative. The
AR 20 and AR 200 were mixed in the proportion 2:1cells were grown in a 300 mOsm/L medium; however,
after a short adaptation period they also grew in a 600 for experiments at 300 mOsm/L and 1:1 for experiments
mOsm/L medium. at 600 mOsm/L. The cell pellet was collected and dis-
solved in 1 mol/L NaOH and aliquots were used for
Cell culture scintillation counting.
Monolayers of interstitial cells were cultivated in plas- In parallel with each transport experiment, 14C-sucrose
tic tissue culture flasks (75 cm2; Falcon, Heidelberg, Ger- (Du Pont de Nemours) was measured. Since sucrose
many) at 37C in a humidified atmosphere (95% air, 5% does not permeate the cell membrane [13, 14], it could
CO2). The culture medium contained 250 mL Dulbecco’s be used as an appropriate marker of the extracellu-
modified Eagle’s medium (DMEM), containing 1 g/L glu- lar space. Cells were incubated at 37C with 3H2O and
cose, 250 mL Nutrient Mix Ham’s F12, 10% fetal calf se- 14C-sucrose and spun through the silicone-oil mixture
rum (FCS), gentamycin (50 U/L), streptomycin (50 U/L), as described above. The intracellular space was finally
penicillin (50 U/L), 1% MEM-nonessential-amino-acids,
calculated by subtracting the extracellular space from
1% l-glutamine and 1% sodium-pyruvate (all compo-
the total volume. For determination of kinetic propertiesnents from Gibco, Eggenstein, Germany). Under these
incubation was started at 37C in a water bath by addingconditions the pH of the medium was contained at 7.4.
the 14C-sorbitol and non-labeled sorbitol in concentra-For investigations of sorbitol transport cells were incu-
tions of 3, 5, 10, 20, 50 and 80 mmol/L. All incubationsbated in standard and modified HEPES-Ringer buffer.
were performed at the same osmolarity (380 mOsm/L)
Composition of solutions and reagents by addition of fructose, which had no influence on sorbi-
tol transport in a low (5 mmol/L) or high (80 mmol/L)The standard modified (300 mOsm/L) 4-(hydroxy-
concentration (Fig. 3). In all experiments, except theethyl)-1-piprazineethane sulphonic acid (HEPES) Ringer
measures of time dependency on sorbitol transport, sor-buffer (pH 7.4) used for transport experiments contained
(in mmol/L): 118 NaCl, 3.2 KCl, 2.5 CaCl2, 1.8 MgSO4, bitol metabolism was inhibited by the addition of aldose
1.8 KH2PO4, 16 H-HEPES, 16 Na-HEPES, 5 glucose, 10 reductase inhibitor (HOE 843; 40 mol/L) and sorbitol
Na-pyruvate, 2 Na-acetate. For experiments investigat- dehydrogenase inhibitor (SDI 158; 20 mol/L; both gifts
ing the sodium dependence of the sorbitol transport the of Hoechst, Frankfurt, Germany). For trans-stimulation
following Na-free buffer was used (in mmol/L): 118 studies cells were preincubated with an additional amount
N-methylglucosamine, 3.2 KCl, 2.5 CaCl2, 1.8 MgSO4, of 50 mmol/L sorbitol. Controls were incubated with
1.8 KH2PO4, 32 H-HEPES, 5 glucose, 2 K-acetate. For 50 mmol/L mannitol. For trans-stimulation studies cells
chloride-free incubations this buffer was used (in mmol/L): were incubated with 14C-sorbitol and 14C-2-deoxy-d-glu-
118 NaNO3, 3.2 K-acetate, 2.5 CaSO4, 1.8 MgSO4, 1.8 cose, respectively.
KH2PO4, 16 H-HEPES, 16 Na-HEPES, 5 glucose 10 Na- The cell volume was determined by a combination of
pyruvate, 2 Na-acetate. To measure the dependency on
the method described in the prior paragraph and proteinextracellular potassium concentration, 50 mmol/L NaCl
determination. The average amount of cell volume waswere exchanged with 50 mmol/L KCl. The pH of the Na-
3 mL/g protein (N  8).free HEPES-Ringer buffer and the KCl-HEPES-Ringer-
buffer had to be adjusted to 7.4 by the addition of HCl
Protein determination(1 mol/L).
Protein concentrations were determined in triplicate
Transport studies according to Lowry et al [15] using concentrations of
bovine serum albumin (BSA; Behring, Marburg, Ger-After removal of the medium, cell monolayers were
rinsed with phosphate-buffered saline (PBS; Gibco). The many) between 0.1 and 0.8 g/L as standards.
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Determination of sorbitol metabolism
Sorbitol determination. Cells were incubated for five
hours in the cell culture medium without FCS but in the
presence of 5 mmol/L glucose and the specific sorbitol
dehydrogenase inhibitor SDI 158 (20mol/L) in order to
avoid sorbitol degradation. After incubation the sorbitol
content was examined in the medium (extracellular con-
tent) and the cells (intracellular content). Sorbitol syn-
thesis was calculated from the difference of total sorbitol
content (extracellular  intracellular) under control (no
sorbitol) and experimental conditions ( 5 mmol/L glu-
cose) after five hours of incubation.
The same method was used to determine sorbitol deg-
radation. In this case, the cells were incubated with the
aldose reductase inhibitor HOE 843 (40 mol/L).
The cells were washed with perchloric acid (1 mol/L)
and centrifuged. The centrifuged protein-free superna-
tant was neutralized with KOH (1 mol/L) and used for
the assay of sorbitol determination. The medium also was
deproteinized with perchloric acid (1 mol/L), centrifuged
and neutralized with KOH (1 mol/L) and used for the
assay of sorbitol. Fig. 1. Time course of sorbitol uptake. The results represent the means
from seven experiments  SD. Cells were incubated in HEPES-RingerSorbitol was oxidized in the presence of sorbitol dehy-
buffer containing a sorbitol concentration of 10 mmol/L. Neither aldosedrogenase and NAD to fructose and NADHH. Fruc- reductase nor sorbitol dehydrogenase was used. Symbols are: () 37C;
tose was phosphorylated in the presence of adenosine () 4C. (Inset) Difference between the 4C and 37C experiments.
5-triphosphate (ATP) and hexokinase to fructose-6-
phosphate and adenosine diphosphate (ADP). Fructose-
6-phosphate was then isomerized to glucose 6-phosphate
RESULTSby phosphoglucose isomerase. Glucose-6-phosphate was
Polyol pathwayoxidized in the presence of nicotinamide ADP (NADP)
and glucose-6-phosphate dehydrogenase to gluconate- To investigate the influence of the intracellular sorbi-
6-phosphate, NADPH and H. Pyruvate was then oxi- tol synthesis and degradation on the sorbitol transport,
dized in the presence of l-lactate dehydrogenase NADH we examined the sorbitol production and the sorbitol deg-
and H to NAD and lactate. The amount of NADPH radation capacity of the interstitial cells at an osmolarity
was stoichiometric with the fructose formed from sorbi- of 300 mOsm/L. At this osmolarity only small amounts
tol and measured by the change in absorbance at 339 of sorbitol were produced within the interstitial cells
nm [16]. (1.5 0.6 mol/g protein h). The sorbitol degradation
was 3.9  0.4 mol/g protein  h (N  6 for both
Liquid scintillation counting experiments). Thus, degradation of sorbitol exceeded
Samples were dissolved in 2 mL Ultima Gold scintilla- the sorbitol synthesis. Therefore, we expected a specific
tion cocktail (Packard, Frankfurt/Main, Germany) and sorbitol transport into interstitial cells.
measured in a Wallace 1409 Liquid Scintillation Counter
Kinetics of sorbitol transport(Wallace, Turcu, Finland), which includes quench curves
for 3H and 14C. The time course of sorbitol transport is shown in Fig-
ure 1. These experiments were done without aldose re-
Material ductase and sorbitol dehydrogenase inhibitors. No equil-
All chemical reagents were of the highest purity com- ibration was reached within the first 60 minutes of in-
mercially available. cubation. Since the transport rates were linear during
the first fifteen minutes, sorbitol transport by rat renal
Statistical analysis inner medullary cells was measured after 10 or 15 min-
utes. When incubated with aldose reductase inhibitorFor statistical analysis the one-sided Student t test
was performed. Differences were considered statistically and sorbitol dehydrogenase inhibitor sorbitol transport
was found to be twofold compared to other experiments.significant at the level of P  0.05. All results are ex-
pressed as mean  standard deviation. Since the intracellular sorbitol metabolism, especially
Schu¨ttert et al: Sorbitol transport in renal interstitial cells1410
Fig. 3. Trans-stimulation experiments. Cells were preincubated with
50 mmol/L sorbitol (trans-stimulation) or 50 mmol/L mannitol for five
hours. The uptake was measured after the preincubation time. Cells
were incubated in HEPES-Ringer buffer with 1 mmol/L sorbitol for 15
minutes. Data show the increase in %  SD of five duplicate experi-
ments after trans-stimulation with sorbitol. There was a significant in-
crease (P  0.05).
resulted in a significant elevation of sorbitol transport.
The sorbitol transport increased by 37  18% (P 0.05,
N  3), which suggests that the sorbitol transport is
influenced by the membrane potential.
Influence of pCMBS, cytochalasin A and B,
phloretin and phlorizin on sorbitol transport
Fig. 2. Concentration dependence. Sorbitol uptake in interstitial cells Cytochalasin B, a mold metabolite that binds to the
at different concentrations at with respect to sorbitol uptake at 80 glucose carrier [17], inhibited sorbitol transport by 60%
mmol/L. Data are means  SD. Cells were incubated at () 37C and
(Fig. 4B). Cytochalasin A (0.01 mmol/L) inhibited sorbi-() 4C in HEPES-Ringer buffer with aldose reductase inhibitor and
sorbitol dehydrogenase inhibitor. (Inset) Difference between the 4C tol transport by 70%. The dose response curve for cyto-
and 37C experiments after 15 minutes of incubation time. chalasin A estimated a Ki of about 1.5 10	6 for sorbitol.
The 2-deoxy-d-glucose transport was only inhibited by
10% when cytochalasin A was added in a concentration
of 10	5 mol/L. The comparison of uptake inhibition bysorbitol degradation, influences sorbitol transport, the
cytochalasin B showed a significant difference betweenfollowing experiments on characterization of the sorbitol
of 2-deoxy-d-glucose uptake and sorbitol uptake (Fig. 5).transport were done with the aldose reductase inhibitor
Phlorizin, an inhibitor of glucose and inositol transportHOE 843 and the sorbitol dehydrogenase inhibitor SDI
[18], had no significant influence on sorbitol transport.158. In a concentration range from 3 to 80 mmol/L no
Phloretin, an inhibitor of glucose and urea transport [19],saturation of sorbitol transport was detectable (Fig. 2).
showed a 50% inhibition of sorbitol transport. However,The transport was almost linear over this range. The
4-(chloromercuri)benzoesulfonic acid (pCMBS) signifi-transport was also temperature dependent and showed
cantly increased sorbitol influx by 50 to 60% when addeda more than five times higher sorbitol transport rate at
in concentrations of 0.5 and 0.05 mmol/L (Fig. 4A).37C compared to 4C.
There is no known transport system that shows suchIn trans-stimulation studies cells were preincubated
a pattern of inhibition. The experiments with the sugarwith 50 mmol/L sorbitol for five hours. To exclude osmotic
transport inhibitors provided evidence for the existenceinfluences the control was incubated with 50 mmol/L
of a protein-mediated sorbitol transport pathway, whichmannitol. A significant increase in sorbitol transport was
was different from glucose and inositol transporters.found (Fig. 3, 140  34%, N  5).
Inhibition of sorbitol uptake by structurallyInfluence of Na, K, Cl	 on sorbitol transport
related substancesA variety of transport systems are characterized by a
Only few of the structurally related substances testeddependence on extracellular electrolyte. However, the
inhibited the sorbitol uptake. Talose 
 gluconic acid 
sorbitol transport into interstitial cells was not influenced
sorbose 
 glucose inhibited sorbitol transport by 40 toby the extracellular electrolyte concentration. Neither
60% when added in a fivefold higher concentration thana Na free nor a Cl	 free buffer changed the sorbitol
sorbitol. The addition of non-labeled sorbitol resultedtransport significantly (N  4).
Raising the extracellular K-concentration to 50 mmol/L in a significant inhibition of uptake of 14C-labeled sor-
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Fig. 5. Uptake inhibition by cytochalasin B. Cells were incubated in
10 mmol/L sorbitol or 2-deoxy-d-glucose for 15 minutes. Cytochalasin
B concentration was 0.01 mmol/L. The means of three experiments 
SD are shown; the difference of uptake inhibition was significant (P 
0.05). Symbols are: () controls; ( ) experimental conditions.
extracellular sorbitol concentration or the increase in
extracellular osmolarity, these results are not included
in this article. Fructose, which had no influence on the
sorbitol transport in concentrations up to 80 mOsm/L,
was added to balance the sorbitol induced changes in
osmolarity.
Since the sorbitol transport was neither Na- nor Cl	-
dependent, a cotransport or antiport system with these
electrolytes is unlikely. However, we found a dependence
on extracellular K that might influence the membrane
Fig. 4. (A) Effects of phlorizin, phloretin, and 4-(chloromercuri)ben- potential. Therefore, we suggest that an electrogenic co-zoesulfonic acid (pCMBS) on sorbitol uptake. Cells were incubated in
transport or antiport could be involved. A non-electro-HEPES-Ringer buffer for 15 minutes at 37C; phlorizin, phloretin, and
pCMBS were added in the given concentrations. (B) Effects of cytocha- genic facilitated diffusion might be another possible trans-
lasin A and B on sorbitol uptake. The means of three experiments  port mechanism. Interstitial cells, which were incubatedSD are shown. Symbols are: () controls; ( ) experimental conditions;
* P  0.05, ** P  0.01 vs. control. with sorbitol dehydrogenase inhibitor and aldose re-
ductase inhibitor, showed a reduced sorbitol transport.
This could mean that sorbitol transport is strongly de-
pendent on the intracellular sorbitol metabolism within
bitol. All other substances listed in Figure 6, including the interstitial cells. The sorbitol degradation to fructose
2-deoxy-d-glucose, showed no significant influence on by sorbitol dehydrogenase could maintain a concentra-
sorbitol transport. tion gradient, which could be the driving force for sorbi-
tol transport.
Another characteristic of this sorbitol transport systemDISCUSSION
is its inability to be inhibited by most other sugars andThis study describes a sorbitol transport system in rat
polyols. Only carbohydrates with six carbon atoms wererenal inner medullary interstitial cells. The transport is
transported. None of the tested pentoses could inhibit sor-characterized by a high transport rate, which enables
bitol transport significantly. Changes at C1 do not seema fast equilibration of extra- and intracellular sorbitol
to influence the inhibitory capacity of the structurallyconcentrations.
related substances. Apart from the hydroxy-group (sor-Our experiments showed no saturation of sorbitol up-
bitol, sorbose), the aldose form (glucose, talose) and thetake up to an osmolarity of 80 mmol/L. Also, in rat glial
carbon acid (gluconic acid) were transported as well. Anprimary cultures no saturation of sorbitol uptake up to
exchange of the position of the hydroxyl group at C2an extracellular sorbitol concentration of 80 mmol/L
was only accepted if the hydroxyl group at C4 was alsocould be found [20]. However, sorbitol uptake in human
exchanged (talose). A keto-hexose (sorbose) was onlyrenal inner medullary fibroblasts is characterized by sat-
transported if the position of the hydroxyl groups at C3uration with a Km of 10 mmol/L for sorbitol uptake [21].
and C4 were exchanged. This might be the reason forWe found that sorbitol transport depends on extracellu-
the observation that fructose was not transported. If thelar osmolarity. Since we could not determine whether
C4 hydroxyl group was not changed (mannitol, man-this transport increase above an extracellular sorbitol
concentration of 80 mmol/L was due to the enlarged nose), the structurally related component was not trans-
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Fig. 6. Inhibition of sorbitol uptake. Cells were incubated in HEPES-Ringer buffer for 10 minutes at 37C. The extracellular sorbitol concentration
was 1 mmol/L and the concentration of the sorbitol analogues was 5 mmol/L. The means of three experiments  SD are shown; * P  0.01 vs.
control. Abbreviations are: Glu-6-P, glucose-6-phosphate; So-6-P, sorbitol-6-phosphate.
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Fig. 6. (Continued)
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ported. If only the hydroxyl group at C4 was exchanged, tose, fructose) are different from the analogs that inhibit
the component showed no influence on the sorbitol the sorbitol transport [24, 25]. If this sorbitol transport
transport as well. The hydroxyl group at C6 was neces- system was in fact a glucose transporter, one would expect
sary to maintain the transport ability. Cyclic components a complete inhibition of sorbitol transport during incuba-
such as myo-inositol could not be transported. An ex- tion with a five times higher glucose concentration.
change of hydroxyl groups by methyl groups at C1 or Little is known thus far about the sorbitol metabolism
C3 (methyl--D-glucopyranoside, 3-O-methyl-glucopy- in renal interstitial cells. Sorbitol synthesis in interstitial
ranose) or the exchange of the hydroxyl group at C6 cells is rather low compared to IMCD cells. The synthesis
by a phosphate group (sorbitol-6-phophate, glucose-6- rate is in good agreement with the aldose reductase activ-
phosphate) did not influence the sorbitol transport as ity in vivo [11]. Using a combination of sorbitol transport
well. The methylamin betain was not accepted by the studies and cell volume determinations (3 mL/g protein)
sorbitol transporter. Tri- and disaccharides (raffinose, we calculated a sorbitol uptake of 1 mol/g protein  h.
sucrose) showed no interference with the sorbitol trans- Therefore, we conclude that sorbitol degradation is in-
port. Since the transport showed no saturation character- fluenced to the same degree by uptake and synthesis at
istics, no final conclusion about the substrate specificity 300 mOsm/L.
can be made. We cannot exclude that higher concentra- To date nothing is known about the importance of
tions of the substances, which did not inhibit the trans- sorbitol uptake and degradation for the osmoregulation
port in our investigations, might influence the sorbitol of interstitial cells. Both sorbitol and fructose might be
transport. Higher concentrations were not tested be- involved in osmoregulation. However, fructose could be
cause these would raise the osmolarity and thus activate further metabolized or released from the cells. Addi-
the sorbitol transport. tional experiments are necessary before it can be deter-
The transport is rather different from the sorbitol per- mined with certainty.
mease in renal epithelial cells. The sorbitol permease In conclusion, we describe a novel transport system
allows sorbitol efflux if extracellular osmolarity is lowered for sorbitol uptake in renal interstitial cells, which is dif-
[7, 22]. An increase in extracellular osmolarity decreases ferent from the sorbitol permease in IMCD cells and dif-
the sorbitol permease activity in order to elevate the ferent from all glucose transporters (both GLUT- and
intracellular sorbitol concentration [7]. Our experiments SGLT-family). These results hint towards a model of
showed that renal interstitial cells increase intracellular cooperation between epithelial and interstitial cells in
sorbitol content at an osmolarity of 300 mOsm/L. The the inner medulla of rat kidney in terms of the sorbitol
sorbitol permease seems to be independent of the sor- metabolism.
bitol metabolism. In interstitial cells, however, sorbitol
Reprint requests to R.W. Grunewald, M.D., Department of Nephrol-transport is decreased when sorbitol dehydrogenase was
ogy and Rheumatology, University Hospital Go¨ttingen, Robert-Koch-inhibited. No substances could be found to competitively Street 40, D-37075 Go¨ttingen, Germany.
inhibit sorbitol efflux by sorbitol permease. The trans- E-mail: r.w.grunewald@web.de
port we describe could be inhibited by talose gluconic
acid, sorbose and glucose. The sorbitol permease also
APPENDIXcould be inhibited by phloretin, however, unlike the sor-
Abbreviations used in this article are: AR, aldose reductase; GLUT,bitol permease the sorbitol transport system showed
glucose transporter; GPC, glycerophosphorylcholine; EDTA, ethyl-
50% inhibition by cytochalasin B.
enediaminetetraacetic acid; IC, interstitial cells of the rat renal inner
The described sorbitol transport differs from all known medulla; IMCD, inner medullary collecting duct; pCMBS, 4-(chloro-
mercuri)benzoesulfonic acid; SDH, sorbitol dehydrogenase; SGLT,glucose transporters. The sorbitol transport inhibition
sodium dependent glucose transporter.by phlorizin, phloretin, and cytochalasin B shows little
resemblance to the inhibition of the glucose transporters.
REFERENCESThe inhibition by cytochalasin A indicates that the sorbi-
tol transport might belong to the family of glucose trans- 1. Bagnasco S, Balaban R, Fales HM, et al: Predominant osmoti-
cally active organic solutes in rat and rabbit renal medullas. J Biolporters. In our experiments, however, sorbitol transport
Chem 261:5872–5877, 1986and 2-deoxy-d-glucose transport were inhibited to differ- 2. Wirthensohn G, Lefrank S, Schmolke M, Guder WG: Regula-
ent extents. As previously reported, glucose transporters tion of organic osmolyte concentrations in tubules from rat renal
inner medulla. Am J Physiol 256:F128–F135, 1989of different cultured cells are inhibited by 13 to 70%
3. Bagnasco SM, Murphy HR, Bedford JJ, Burg MB: Osmoregula-when cytochalasin A is added in the same concentration
tion by slow changes in aldose reductase and rapid changes in
of 10	5 mol/L [23]. However, the differences in transport sorbitol flux. Am J Physiol 254:C788–C792, 1988
4. Corder CN, Collins JG, Brannan TS, Sharma J: Aldose reduc-inhibition between sorbitol and 2-deoxy-d-glucose sug-
tase and sorbitol dehydrogenase distribution in rat kidney. J Histo-gests that two different transport systems is inhibited in
chem Cytochem 25:1–8, 1977
our experiments. The structurally related compounds also 5. Czekay RP, Kinne-Saffran E, Kinne RK: Membrane traffic and
sorbitol release during osmo- and volume regulation in isolatedtransported by glucose transporters (mannose, galac-
Schu¨ttert et al: Sorbitol transport in renal interstitial cells 1415
rat renal inner medullary collecting duct cells. Eur J Cell Biol 63: 15. Lowry OH, Rosebrough NT, Farr AL, Randall RJ: Protein
measurement with the folin phenol reagent. J Biol Chem 193:265–20–31, 1994
6. Sands JM, Schrader DC: Coordinated response of renal medul- 275, 1951
16. Beutler H: D-sorbitol, in Methods of Enzymatic Analysis, editedlary enzymes regulating net sorbitol production in diuresis and
antidiuresis. J Am Soc Nephrol 1:58–65, 1990 by Bergmeyer H, Deerfield Beach, Verlag Chemie, 1984, p 356
17. Jung CY, Rampal AL: Cytochalasin B binding sites and glucose7. Garty H, Furlong TJ, Ellis DE, Spring KR: Sorbitol permease:
an apical membrane transporter in cultured renal papillary epithe- transport carrier in human erythrocyte ghosts. J Biol Chem 252:
5256–5263, 1977lial cells. Am J Physiol 260:F650–F656, 1991
8. Sands JM, Terada Y, Bernard LM, Knepper MA: Aldose reduc- 18. Heilig CW, Brenner RM, Yu AS, et al: Modulation of osmolytes
in MDCK cells by solutes, inhibitors, and vasopressin. Am J Physioltase activities in microdissected rat renal tubule segments. Am J
Physiol 256:F563–F569, 1989 259:F653–F659, 1990
19. Reye J, Greco F, Motais R, Latorre R: Phloretin and phloretin9. Jans AW, Grunewald RW, Kinne RK: Pathways for organic
osmolyte synthesis in rabbit renal papillary tissue, a metabolic analogs: Mode of action in planar bilayers and monolayers. J Mem-
brane Biol 72:93–103, 1983study using 13C-labeled substrates. Biochim Biophys Acta 971:157–
162, 1988 20. Stahl B, Wiesinger H, Hamprecht B: Characteristics of sorbitol
uptake in rat glial primary cultures. J Neurochem 53:665–671, 198910. Grunewald RW, Kinne RK: Intracellular sorbitol content in iso-
lated rat inner medullary collecting duct cells. Regulation by extra- 21. Grunewald RW, Ehrhard M, Fiedler GM, et al: Evidence for
a sorbitol transport system in immortalized human renal interstitialcellular osmolarity. Pflugers Arch 414:178–184, 1989
11. Grunewald RW, Weber, II, and Kinne, R. K.: Renal inner medul- cells. Exp Nephrol 9(6):405–411, 2001
22. Strange K, Jackson PS: Swelling-activated organic osmolyte ef-lary sorbitol metabolism. Am J Physiol 269:F696–F701, 1995
12. Grupp C, Lottermoser J, Cohen DI, et al: Transformation of rat flux: A new role for anion channels. Kidney Int 48:994–1003, 1995
23. Kletzien RF, Perdue JF, Springer A: Cytochalasin A and B.inner medullary fibroblasts to myofibroblasts in vitro. Kidney Int
52:1279–1290, 1997 Inhibition of sugar uptake in cultured cells. J Biol Chem 247:2964–
2966, 197213. Grunewald JM, Grunewald RW, Kinne RK: Ion content and
cell volume in isolated collecting duct cells: Effect of hypotonicity. 24. Burant CF, Bell GI: Mammalian facilitative glucose transporters:
Evidence for similar substrate recognition sites in functionally mo-Kidney Int 44:509–517, 1993
14. Law RO: The volume and ionic composition of cells in incubated nomeric proteins. Biochemistry 31:10414–10420, 1992
25. Mueckler M: Facilitative glucose transporters. (review) Eur J Bio-slices of rat renal cortex, medulla and papilla. Biochim Biophys
Acta 931:276–285, 1987 chem 219:713–725, 1994
